The utilization of ribose by Veillonella alcalescens has been further investigated. Nonfermentation of ribose is not a result of a phosphorylation lesion since ribose-phosphorylating activity was measured in cell extracts. Resting cells accumulated ribose-5-phosphate and nucleotides when 14C-ribose was provided; no other sugar phosphates were detectable. Resting cells that were shifted to growth conditions polymerized rather than degraded the accumulated ribose compounds. Cell extracts contained a fructose diphosphate phosphatase. Ribose-5-phosphate, glucose-6-phosphate, and fructose-6-phosphate were not hydrolyzed. It is postulated that the nonfermentation of ribose is not due to any metabolic lesions, but is a consequence of metabolic control at the fructose diphosphate level of glycolysis.
There have been a number of studies of the carbohydrate metabolism of the anaerobic genus Veillonella. These studies have been concerned with determining the biochemical basis for the inability of this organism to ferment sugars, as well as the interrelated question of the route of synthesis of the hexose and pentose skeletons required by the organism for cell wall and nucleic acid biosynthesis. Rogosa et al. (15) found that all of the activities of Embden-Meyerhof glycolysis, with the exception of hexokinase (EC 2.7.1.1) activity, are present in cell extracts of Veillonella. Phosphofructokinase (EC 2.7.1.11) activity was observed to be quite variable and to be dependent upon the particular extract used. Presumptive evidence for sugar phosphatases was also obtained by these investigators. Michaud and Delwiche (13) studied another strain of Veillonells, and, by utilizing specific assays for each of the glycolytic enzymes, verified the absence of hexokinase and were unable to detect phosphoglyceromutase (EC 2.7.5.3) or pyruvate kinase (EC 2.7.1.40). In a related study, Michaud et al. (12) presented evidence for the presence of the nonoxidative pentose phosphate pathway in cell extracts. This pathway permits the interconversion of hexose phosphate and pentose phosphate and presumably functions in vivo in the synthesis of the ribose-5-phosphate required for nucleic acid biosynthesis.
Evidence supporting the in vivo functioning I Present address: Department of Zoology and Physiology, Rutgers University, Newark, N.J. 07102. of a reverse glycolytic system was obtained by Ng and Hamilton (Abstracts, Nineteenth Annual Meeting, Canadian Soc. Microbiol., 1969, p. 31). They observed that when V. parvula was grown in a medium containing "4C-lactate, radioactivity could be recovered in the extracellular polysaccharide and protein-polysaccharide fractions of the cells. In a similar study, Proctor and Delwiche (unpublished data) observed that radioactivity from lactate was found in sugars obtained from the hydrolysis of isolated cell walls of the C-1 strain of V. alcalescens. From the evidence currently available it appears that a functional glycolytic system is present in the veillonellae and that the hexokinase lesion is significant only in precluding the utilization of exogenous glucose.
Although sugars are not fermented, Veillonella is not without the ability to utilize sugar. Kafkewitz and Delwiche (6) have presented evidence that ribose is utilized biosynthetically by strains representing V. alcalescens and V.
parvulk. In these studies exponentially growing cultures were found to remove 14C-ribose from the growth medium and to retain the radioactivity throughout the growth cycle. Uptake of 14C-ribose by resting cells was found to require active metabolism, was greatly stimulated by the presence of an energy source, and was found to be insensitive to the presence of other pentoses. Most of the radioactivity was found in the nucleic acid fraction. These findings raise the question as to why Veillonella does not ferment sugar. Clearly the hexokinase lesion is not relevant. Ng and Hamilton (Ab-stracts, Nineteenth Annual Meeting, Canadian Soc. Microbiol., 1969, p. 31) detected pyruvic kinase activity in V. parvula extracts, yet this organism was unable to ferment sugars. It would seem highly unlikely, therefore, that the nonfermentative property of our strain of V. alcalescens could be explained by the absence of pyruvic kinase in cell-free extracts.
The presence of the nonoxidative pentose phosphate and glycolytic pathways suggest that the organism possesses all the enzymes necessary for the fermentation of ribose. Thus it was of interest to investigate the nonfermentation of ribose and propose an explanation for this behavior.
In this paper, evidence relevant to this question will be presented, and a hypothesis for the lack of ribose fermentation will be discussed.
MATERIALS AND METHODS Organism. V. alcalescens C-1 was used in this study. This strain was isolated from sheep rumen and has been maintained in this laboratory for a number of years. Growth medium, cultural conditions, methods of harvest, and preparation of resting cell suspension of this organism have been described previously (6) .
Ribose-phosphorylating activity. Cells were harvested in mid-exponential phase, washed three times with ice cold 0.5 M Tris [tris(hydroxymethyl) aminomethane] buffer, pH 9, containing 1 mM EDTA (ethylenediaminetetraacetate). The washed cell pellet was suspended in enough Tris buffer to produce a thick cell paste. The cells were broken by sonic treatment (Branson sonifier). Unbroken cells and cell debris were removed by centrifugation at 34,000 x g for 2 hr at 4 C. The cell extracts were assayed immediately or stored at -20 C until needed.
Ribose-phosphorylating activity was measured with a modified version of the radioactive sugar assay method described by Lee and Englesberg (8) . A typical assay mixture contained the following: 0.5 M Tris (pH 8.5), 1.20 ml; 0.1 M reduced glutathione (in 0.1 M Tris-Cl, pH 7.6), 0.4 ml; 1.0 M MgCl2, 0.16 ml; 0.5 M NaF, 0.05 ml; 0.1 M EDTA (pH 7.6), 0.16 ml; 0.1 M ribose (containing sufficient ribose-1-14C to give a specific activity of approximately 25,000 counts per min per mmole), 0.8 ml. Of this mixture, 1.0 ml was dispensed into each of two tubes; 0.3 ml of an 0.2 M adenosine triphosphate (ATP) solution in 0.1 M Tris (pH 7.6) was added to one tube; 0.3 ml of Tris buffer was added to the second tube. After preincubation at 37 C, 1.3 ml of cell extract (35 to 45 mg of protein/ml) was added to each tube with rapid mixing. At various times, 100-Aliter samples were removed and quickly added to 0.8 ml of 95% ethanol; 100 jiliters of a saturated barium acetate solution was added, and the mixture was then stored in an ice bath overnight. The precipitated materials were centrifuged at 4 C, and samples of the cold supematant fraction (containing the residual nonphosphorylated ribose) were placed on planchets and dried. Radioactivity was measured with a gas flow detector (Tracerlab).
Resting celi uptake and shift experiment. The member filter technique used in these experiments has been described previously (6 Ribose uptake by resting cells and identification of accumulated compounds. Figure 1 presents a typical ribose uptake curve by a resting cell suspension. Both total uptake and the fraction of the ribose that was polymerized by the cells are shown. It is evident that a substantial portion of the ribose is accumulated as nonpolymerized compounds. At the time indicated on the graph, the resting cell suspension was shifted to growth conditions by adding a concentrated solution of tryptone and yeast extract (to a final concentration of 1% each). The post-shift data (which are corrected for dilution) indicate that when growth conditions are provided, the accumulated ribose is polymerized rather than degraded. Independent evidence for ribose polymerization was presented previously (6) .
The nonpolymerized ribose compounds accumulated by the resting cells were identified by paper and thin-layer chromatography. Table 1 shows typical data. Free ribose was never detected, nor were any other free sugars or sugar phosphates. The low levels of radioactivity in the purine nucleotides are probably due to the nutritional requirement of strain C-1 for purines (unpublished data) which were not provided to the resting cells. The absence of an intracellular pool of purines is probably responsible for the failure of the resting cells to polymerize a greater fraction of the ribose.
Phosphatase activity. Although Veillonella must produce hexose and pentose phosphates, a search of the literature revealed no direct assays of sugar phosphatase levels in this organism. Consequently, experiments designed to measure these activities were performed. Typical data obtained are given in Table 2 and sometimes the lack of activity, made it impossible to obtain reproducible data, and these attempts were abandoned. We are led to speculate, therefore, that the nonfermentation of ribose is not due to any enzymatic lesions, but is the result of metabolic control at the fructose diphosphate level that keeps the phosphofructokinase allosterically inhibited or repressed and maintains the phosphatases fully activated.
The ability of an organism to use exogenously supplied ribose for nucleotide synthesis has the obvious effect of reducing the amounts of three-and four-carbon fermentation intermediates that must be diverted from an energy-yielding to an energy-requiring pathway. Experiments (unpublished data) have shown that when 100 jig of ribose per ml is present in the growth medium, assimilation of lactate carbon is reduced by about 25%. The ability of a nonfermentative organism to utilize a sugar biosynthetically is of some physiological significance.
